Background: Cystoscopic procedure is a very common practice in the field of urology due to its ability to survey the bladder for a variety of indications. However, patients who undergo cystoscopy feel intense pain and discomfort. This study investigated the half maximal effective concentration (EC 50 ) of remifentanil in preventing cystoscope insertion pain under sedation using dexmedetomidine. Methods: The study was prospectively conducted on 18 male patients, aged 18 to 65. Remifentail infusion was initiated together with dexmedetomidine, and started at a dose of 2.4 ng/ml on the first patient. The effect-site concentration (C e ) of remifentanil for each subsequent patient was determined by the previous patient's response using Dixon's upand-down method with an interval of 0.3 ng/ml. Patients received a loading dose of 1.0 μg/kg dexmedetomidine over 10 minutes, followed by a maintenance dose of 0.6 μg/kg/hr. After the patient's OAA/S score (Observer's Assessment of Alertness/Sedation scale) reached 3-4, and the C e of remifentanil reached target concentration, the urologist was allowed to insert the cystoscope and the pain responses were observed. Results: The effect-site concentration of remifentanil required to prevent cystoscope insertion pain in 50% of patients under sedation using dexmedetomidine was 1.30 ± 0.12 ng/ml by Dixon's up-and-down method. The logistic regression curve of the probability of response showed that the EC 50 and EC 95 values (95% confidence limits) of remifentanil were 1.33 ng/ml (1.12-1.52 ng/ml) and 1.58 ng/ml (1.44-2.48 ng/ml), respectively. Conclusions: Cystoscopic procedure can be carried out successfully without any pain or adverse effects by optimal remifentanil effect-site concentration (EC 50 , 1.33 ng/ml; EC 95 , 1.58 ng/ ml) combined with sedation using dexmedetomidine. (Korean J Anesthesiol 2014; 66: 39-43) 
Introduction
Cystoscopic procedure is a very common practice in the field of urology due to its ability to survey the bladder for a variety of indications. However, patients who undergo cystoscopy feel intense pain and discomfort. To diminish the degree of discomfort, surgeons instill 2% lidocaine gel into the urethra several minutes before the procedure, but this shows little significant effect [1] .
Dexmedetomidine is a centrally acting α2-receptor agonist that can be titrated to the desired level of sedation without significant respiratory depression [2] [3] [4] and has a little analgesicsparing effect. It significantly reduces opioid requirements both during and after surgery [5] [6] [7] [8] [9] [10] . Because of its analgesic properties, "cooperative sedation, " and lack of respiratory depression, dexmedetomidine is increasingly being used as the main sedative drug in the field of monitored anesthesia care (MAC) [3] .
Remifentanil is a potent ultra short-acting synthetic opioid with a blood-brain equilibrium half-life of 1-2 minutes. It is rapidly eliminated from the body by nonspecific tissue and plasma esterases, so it does not accumulate even in patients with hepatic or renal failure [11] and has a very short context-sensitive halftime of 3 minutes regardless of infusion time. Such advantages make remifentanil an appropriate pharmacologic agent for outpatient procedures [12] . Concentration-dependent respiratory depression is one of the adverse effects of remifentanil resembling those of other opioid drugs [13] .
Remifentanil can be administered as part of an anesthesia technique called total intravenous anesthesia (TIVA) that uses computer-controlled infusion pumps in a process called target controlled infusion (TCI). A target effect-site concentration is entered as ng/ml into the pump, which calculates its infusion rate according to the appropriate pharmacokinetic and pharmacodynamic model, which is derived from various patients. Induction levels of 4 ng/ml are commonly used, but the levels generally vary between 3-8 ng/ml. In cases of certain surgical procedures that produce particularly strong stimuli, a level of up to 15 ng/ml might be needed.
The aim of this study was to determine the optimal C e of remifentanil that reduces pain maximally with no adverse effects, such as respiratory depression, when combined with dexmedetomidine in patients undergoing cystoscopy.
Materials and Methods
This study was approved by the Institutional Review Board, and informed consent was obtained from all participants. The study was prospectively conducted on 18 male patients, aged 18 to 65 (Table 1) , who were American Society of Anesthesiologists physical status I or II. Patients with significant renal and hepatic dysfunction were excluded. No premedication was administered prior to the procedure. For drug injection, a 20 gauge angiocatheter was inserted into the forearm or the dorsum of the hand, and was connected to a T-connector prior to arrival at the operating room. Upon entry into the operating room, all patients were monitored by electrocardiography, pulse oximetry, and automated noninvasive blood pressure monitors and oxygenated by facial mask with O 2 5 L/min.
Patients received a loading dose of 1.0 μg/kg dexmedetomidine over 10 minutes, followed by a maintenance dose of 0.6 μg/ kg/hr. The degree of sedation was evaluated using the OAA/S (Observer's Assessment of Alertness/Sedation scale) [14] .
Remifentail infusion was started together with dexmedetomidine, based on Minto's pharmacokinetics and pharmacodynamics model, using a TCI device (Orchestra Ⓡ Base Primea, Fresenius-Vial, France) [15] . The target effect-site concentration (C e ) of remifentanil was initiated at 2.4 ng/ml on the first patient. After the patient's OAA/S score reached 3-4 and the C e of remifentanil reached the target concentration, the urologist was allowed to insert the cystoscope. Pain from the entry of the cystoscope was assessed by the anesthesiologist using the fourpoint verbal categorical scoring system [16] : 0, none (negative response to questioning); 1, mild pain (pain reported only in response to questioning without any behavioral signs); 2, moderate pain (pain reported in response to questioning and accompanied by a behavioral sign or pain reported spontaneously without questioning); 3, severe pain (strong vocal response or response accompanied by facial grimacing, arm withdrawal, or tears). Scores of 2 or 3 were considered a "response, " while scores of 0 or 1 were regarded as "no response. "
The C e of remifentanil for each subsequent patient was determined by the previous patient's response using Dixon's up-anddown method [17, 18] . If a patient scored "response, " the C e of remifentanil for the subsequent patient was increased by 0.3 ng/ ml. If a patient scored "no response, " the C e of remifentanil for the subsequent patient was decreased by 0.3 ng/ml. Each patient's heart rate (HR, beats/min) and the mean arterial pressure (MAP, mmHg) were recorded before the dexmedetomidine and remifentanil infusion (baseline, T0), 10 min after the dexmedetomidine and remifentanil infusion (T1), and immediately after the cystoscope insertion (T2). We assessed Korean J Anesthesiol Heo et al.
the complications related to dexmedetomidine and remifentanil, such as hypotension (decrease in MAP to < 55 mmHg), bradycardia (HR slower than 40 beats/min), chest wall rigidity, oxygen desaturation (SpO 2 below 90%), and dizziness. In case of hypotension, ephedrine 0.25 mg/kg was prepared to be administered, and atropine 0.5 mg was prepared for bradycardia. For possible chest wall rigidity and oxygen desaturation, mask ventilating devices were prepared. Patient data are presented as median and range or mean ± SD. The EC 50 of remifentanil was determined by using Dixon's up-and-down method, which calculates the mean of the midpoint dose of all independent pairs of patients who manifested a crossover from "response" to "no response" after six crossover points. Probit analysis enabled us to derive a dose-response curve and confidence intervals, and estimated EC 50 and EC 95 were calculated.
SPSS (Windows ver. 18.0, SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Probit regression model and Sigma Plot 10.0 were used for calculating the confidence intervals and plotting the dose-response curve. All measured values were denoted as the mean ± SD, number of patients and mean (95% confidence intervals, CI). Serial changes of mean arterial pressure and heart rate were analyzed by repeated measures ANO-VA. Statistical significance was defined as P < 0.05.
Results
The sequences of consecutive response and nonresponse are shown in Fig. 1 .
The C e of remifentanil required to prevent cystoscope insertion pain in 50% of patients under sedation using dexmedetomidine was 1.30 ± 0.12 ng/ml using Dixon's up-and-down method.
A logistic regression curve of the probability of response showed that the EC 50 and EC 95 values (95% confidence limits) of remifentanil were 1.33 ng/ ml (1.12-1.52 ng/ ml) and 1.58 ng/ ml (1.44-2.48 ng/ml), respectively ( Table 2 , Fig. 2) . Table 3 lists hemodynamic data from patients during drug infusion. No patient experienced clinically significant hemodynamic changes during the study. Even though HR and MAP showed statistically significant decreases, those were not clinical decreases. We did not need to rescue the patients from hypotension or bradycardia with ephedrine or atropine.
After the infusion of a loading dose of dexmedetomidine for 10 min, all patients' OAA/S scores reached 4. Significant oxygen desaturation was not observed in any patient. Responses of 18 consecutive patients in whom cystoscopy was performed and the effect-site concentrations of remifentanil. An arrow represents the mean remifentanil concentration when crossing from a success (white circle) to a failure (black circle) for preventing cystoscope insertion pain. The average of these concentrations (EC 50 ) was 1.30 ± 0.12 ng/ml. Values are mean ± SD and mean (95% confidence interval). Values are represented means ± SD. MAP: mean arterial pressure, HR: heart rate, T0: Baseline, T1: 10 min after dexmedetomidine and remifentanil infusion, T2: after insertion of cystoscope. *P < 0.05 compared with baseline value. 
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Discussion
In this study we used dexmedetomidine and remifentanil for the cystoscopic procedure with the goal of finding the C e of remifentanil for minimizing pain during the procedure. Our results show that the EC 50 of remifentanil that nearly abolishes pain during cystoscopy is 1.33 ng/ ml.
Cystoscopy is one of the most common procedures in urological practice. Before the mid-1990s, the rigid cystoscope was the only option for cystoscopy. A flexible cystoscope is now available for outpatient procedures, but rigid cystoscopies remain more common in Korea due to their lower expenses, more facile handling, and improved visual field. Consequently, there is a need for methods to reduce pain, fear, and anxiety in patients who undergo rigid cystoscopy.
A meta-analysis of 9 studies that included a total of 417 patients treated with intraurethral 2% lidocaine gel and 400 patients treated with intraurethral plain gel identified no statistically significant treatment effect [1] .
MAC may be useful in various clinical fields such as gastrointestinal endoscopy, radiologic intervention, or minimally invasive surgical procedures. It provides suitable intraoperative conditions as well as comfort and analgesia for patients. The frequently used drugs are propofol, midazolam, or etomidate as sedatives and fentanyl, alfentanil, or remifentanil as analgesics. Infrequently, the administration of sedatives in combination with analgesics can cause significant respiratory depression.
Dexmedetomidine is a highly selective α2-adrenoceptor agonist with a specificity for the receptor that is eight times higher than that of clonidine [19] . It provides excellent sedation and analgesia with minimal respiratory depression [2, 3, 5] . A recent multicenter trial indicated that dexmedetomidine was an effective baseline sedative for patients undergoing a broad range of surgical procedures under MAC, resulting in greater patient satisfaction, lower opioid requirements, and less respiratory depression compared with placebo [20] . In patients undergoing diagnostic transesophageal echocardiography, the sedative effect of dexmedetomidine proved to be equivalent to that of the standard therapy using midazolam and fentanyl without increasing the incidence of respiratory depression or oxygen desaturation. It also seemed to be better in terms of hemodynamic results [21] .
However, Muller et al. [22] have shown that dexmedetomidine alone was not as effective as propofol with fentanyl for providing conscious sedation during ERCP, and it was associated with significant hemodynamic instability and longer recovery time. In addition, Tosun et al. [23] showed that pediatric patients undergoing cardiac catheterization with dexmedetomidine and ketamine complained of insufficient sedation and analgesia and experienced prolonged recovery time compared to patients who received propofol and ketamine.
Dexmedetomidine leads to dose-dependent decreases in blood pressure, heart rate, and plasma catecholamine concentrations [24, 25] . Higher concentrations of this drug can also result in systemic and pulmonary hypertension [3] . These adverse effects on the cardiovascular system might limit the use of high concentrations of dexmedetomidine, especially in patients with significant cardiac disease. Therefore there was a need for clinicians to find appropriate additional analgesics for effective conscious sedation or monitored anesthesia care with low concentrations of dexmedetomidine.
Kaygusuz et al. [26] have used dexmedetomidine with fentanyl safely and effectively during extracorporeal shockwave lithotripsy. De La Mora-González et al. [27] reported that the dexmedetomidine-fentanyl group did not show hemodynamic instability compared with the nalbuphine-propofol group in patients undergoing plastic surgery.
Remifentanil, a potent ultra short-acting synthetic opioid, is very popular among anesthesiologists. It can be an appropriate pharmacologic agent in combination with dexmedetomidine for outpatient procedures. Similarly to other opioids, however, remifentanil may also cause hypotension, bradycardia, chest tightening, and hypoxemia. Although very few anesthesiologists want to use dexmedetomidine with remifentanil, many studies that examined a remifentanil EC 50 that could prevent hemodynamic changes, caused by endotracheal intubation or injection pain, have reported that 2.0-5.0 ng/ml of remifentanil did not induce significant hypotension, bradycardia, chest tightening, or hypoxemia [28] [29] [30] .
In our study, after the administration of remifentanil and dexmedetomidine, statistically significant reductions of the mean arterial pressure and heart rate were observed. Nonetheless, hypotension and bradycardia that required treatment did not develop.
These findings should be considered within the context of the study's limitations. First, no female patients were included in this study. Female patients' pain during cystoscopy would be less than that of male patients because of their comparatively short urethra. In addition, dexmedetomidine and remifentanil will demonstrate pharmacokinetic and pharmacodynamic differences between males and females. Second, we did not compare other regimens, such as propofol-remifentanil or midazolam-remifentanil, for example. These will be of clinical benefit if they are not associated with an increase in the incidence of complications.
In conclusion, our report shows that the EC 50 and EC 95 of remifentanil that nearly abolish pain during cystoscopy when using dexmedetomidine at a clinical dose are 1.33 ng/ml and 1.58 ng/ml, respectively. Cystoscopic procedures can be carried out successfully without any pain or adverse effects by an optimal C e of remifentanil combined with sedation using dexmedetomidine.
